Background: Back pain has many causes. In Germany, about 70% of adults have at least one episode of back pain per year.
L ow back pain is not a disease in itself, but rather a symptom with many causes. The term "low back pain" refers to pain felt near the midline in the lumbar or sacral region. Its cause need not lie in the spine, as it can also be due to abdominal or pelvic disease. Physicians and patients are confronted by a bewildering variety of treatment options for low back pain. According to the German Health Ministry's Expert Council for the Assessment of Developments in Health Care (Sachverständigenrat zur Begutachtung der Entwicklung im Gesundheitswesen), the management of low back pain in Germany is currently characterized by overtreatment, undertreatment, and mistreatment (1) .
Learning objectives
Readers of this article should become able to • understand that low back pain is a symptom with many causes, and undertake a practical differential diagnostic assessment;
The prognosis of acute back pain is uncertain. It is generally presumed that the pain resolves within six weeks in about half of all cases (2) and that 68-86% of the affected persons resume work within a month (e2), but it has also been reported that 62% of the affected persons still have pain 12 months later, and that 16% do not resume work within six months. Recurrent low back pain is common (47-54%) (3), as is recurrent inability to work (33%) (e2). The interpretation of the available data is further complicated by the fact that only one-third of patients tell their primary caregiver that they rarely or never had back pain before (4) . In any case, it clearly cannot assumed that a patient's first episode of back pain will also be his or her last.
Definition and causes
Low back pain (lumbar back pain) is defined as pain in the back from the level of the lowest rib down to the gluteal fold, with or without radiation into the legs (5) . An episode of low back pain is called acute if it has arisen for the first time in a patient's life, or after a painfree interval of at least six months, and lasts no longer than six weeks (6) .
Low back pain due to a specific, serious disease is rare. Moreover, pathophysiologically oriented diagnostic categories for low back pain are often not reproducible, and they generally have no clear-cut implications for treatment. Therefore, in the German National Disease Management Guideline for Low Back Pain (6) , low back pain is pragmatically classified as either nonspecific or specific. Treatment-based or functional-cognitive classifications, though they may seem promising, are still in need of validation by an adequate evidence base (7) (8) (9) . Back pain is called nonspecific when there is no clear causal relationship between the symptoms, physical findings, and imaging findings. Physicians should accordingly exercise caution before ordering further diagnostic tests and treatments.
In specific low back pain, by definition, a pathoanatomical relationship can be demonstrated between the pain and one or more pathological processes, including compression of neural structures, joint inflammation, and/or instability of one or more spinal motion segments. Specific diagnostic investigations and cause-directed treatments should be initiated.
Among all patients whose low back pain had a specific, clinically relevant cause, 4% were diagnosed with disk herniation, 3% with spinal stenosis, and 2% with spondylolisthesis. Roughly 1-4% of patients were found to have a vertebral body fracture on their primary investigation; 0.7% had a tumor (primary or metastatic), 0.2% had ankylosing spondylitis, and 0.01% had spondylodiscitis (10) .
Overall, 15% of all instances of low back pain showed pathological findings. It follows that some 80-90% of cases of low back pain are nonspecific, i.e., have no clear patho-anatomical correlate (11) .
Definition
Low back pain (lumbar back pain) is defined as pain in the back from the level of the lowest rib down to the gluteal fold, with or without radiation into the legs.
Nonspecific back pain
Back pain is called nonspecific when there is no clear causal relationship between the symptoms, physical findings, and imaging findings. Low back pain is often caused by non-pathological functional disturbances that are best detected by physical examination and cannot be adequately demonstrated by imaging studies, especially the following:
• segmental dysfunction (e.g., "blockages" [12] ), • sacroiliac joint syndrome, • altered spinal statics (e.g., hyperlordosis or straightening of the normal lumbar lordosis),
• muscle dysfunction (e.g., Janda's crossed syndromes, shortened muscles, trigger points),
• connective-tissue changes (e.g., swelling, fascial hypomobility), and • systemic conditions (e.g., incoordination, inadequate deep stabilization, or constant hypermobility). The current differential diagnostic methods generally do not enable a clear diagnosis to be made when low back pain is of muscular origin; this situation is very common. Pain of this type is perceived differently from patient to patient and is associated with variable symptoms and signs. More research is needed in this area (6) . It is also hard to classify the spinal degenerative changes of various kinds that are now revealed by advanced neuroimaging techniques in 15-45% of patients with low back pain (10, 13) . Degenerative changes are a part of normal aging, but they should be considered pathological if they involve inflammation, e.g., activated spondylarthrosis. Lumbar facet syndrome, a familiar clinical condition, is not an entity that can be definitively diagnosed, although an evidence base does exist for its diagnosis and satisfactory treatment by local anesthetic infiltration (e3). The same holds for spinal canal stenosis, an anatomical condition commonly revealed by MRI in elderly persons, which only needs treatment if there are typical symptoms and signs of neurogenic intermittent claudication and if other important entities in the differential diagnosis (peripheral vascular disease, polyneuropathy) have been ruled out. eTable 1 contains a list of physical findings without pathological significance that are commonly seen in patients with low back pain.
Low back pain typically takes a chronic relapsing and remitting course, and its character often varies over time. It is traditionally classified as acute (lasting up to 6 weeks), subacute (6-12 weeks), or chronic (more than 12 weeks) (6) . This purely temporal classification, however, often does not adequately reflect the prognostically highly important process of chronification, i.e., the transition from acute to chronic pain. The typical feature of chronification is the increasing multidimensionality of pain, involving a loss of mobility, restriction of function, abnormal perception and mood, unfavorable cognitive patterns, pain-related behavior, and, on the social level, disturbances of social interaction and occupational difficulties (14) .
Either the Numerical Rating Scale (NRS) or the Visual Analog Scale (VAS) is recommended as a means of rating the subjective intensity of pain, along a scale ranging from "none" to "unbearable" (6).
History and diagnostic evaluation
A meticulously obtained history generally yields important information for the assessment of the back pain experience. The physician should ask about the onset and course of the pain, earlier pain episodes (if any), the site and radiation (if present) of the pain, its quality
Causes
Low back pain is often caused by non-pathological functional disturbances that are best detected by physical examination and cannot be adequately demonstrated by imaging studies.
Typical features of the increasing multidimenstionality of pain include:
• loss of mobility and restriction of function • abnormal perception and mood • pain-related behavior, disturbances of social interaction, occupational difficulties and intensity, and its dependence on rest and/or exercise, as well as about sleep disturbances, impairment in the activities of everyday living, and any other stress factors in the patient's personal life or at work. The overriding goal in the primary treatment of low back pain is symptomatic relief, i.e., acute reduction of the pain, with simultaneous attention to the following:
• the exclusion of serious disease ("red flags"),
• the detection of clues that might suggest a specific diagnosis, and
• the early detection of psychosocial factors that promote chronification ("yellow flags") (e3). "Red flags" are the current clinical features and prior illnesses that warn of a possible specific cause which may lead to serious problems unless it is treated immediately (6) ( Table 1) .
Recent studies demand that the physician searching for red flags should have a narrowly focused and specific list of red flags in mind, as it has been found that some 80% of patients will be found to have at least one red flag that might prompt further diagnostic investigation (15) (eTable 2). Decisions about further diagnostic and therapeutic measures should depend on multiple features in combination, rather than on one feature alone, and always in the light of the physical findings (e5).
The history should also include any psychosocial risk factors for the chronification of low back pain ("yellow flags") ( Table 2) . Cognitive-psychoemotional and behavioral traits favoring the transition from acute to chronic pain (16) should be recognized as early as possible and addressed in the treatment plan. Further important elements of the history are:
• lifting and poor posture as possible causes of pain (17),
• iatrogenic factors, e.g., faulty diagnosis, • preference for passive and pain-avoidant behavior,
• excessive preoccupation with somatic and radiological findings. Several screening instruments for assessing the risk of chronification are now available, including the Heidelberger Kurzfragebogen (Short Heidelberg Questionnaire) HKF-R10 (18), the Örebro Musculoskeletal Pain Screening Questionnaire (ÖMPSQ) (19, e7) , the Risk-R (20) , and the Start Back-Screening Tool (SBST) (e9) (17, e9) . No particular one can be recommended above the others, both because evaluations of individual instruments have yielded varying results (18, e8, e9) and because the utility of early psychosocial intervention has not been clearly shown (21) .
As only a few patients with low back pain have red flags, while far more have functional disturbances (eTable 1), physical examination plays an important role as well (especially tests of muscle and joint function) (6) (Box 1).
The utility of physical examination is limited by the inability to test all relevant structures and by the poor discriminatory ability of many of the tests. Systematic statistical evaluations of the physical examination have shown that even common tests like the straight-leg-raising test, though they may be highly sensitive (87-95%), are often not very specific (22-35%); the figures depend on the reference method used for statistical purposes (e.g., MRI findings, surgery) (22) . Provocative tests, e.g., compression and mobilization tests of the sacro-iliac joint, are more reliable than tests of mobility (e10). Combinations of tests are more informative than single ones (6, e8, e11, e12).
The therapeutic consequences of nonspecific acute low back pain
The treatment of the patient with nonspecific low back pain begins with thorough patient information and counselling (Box 2) (e13).
Pain documentation
Either the Numerical Rating Scale (NRS) or the Visual Analog Scale (VAS) is recommended as a means of rating the subjective intensity of pain, along a scale ranging from "none" to "unbearable."
History
A meticulously obtained history generally yields important information for the assessment of the back pain experience. The patient's description of the pain should be thoroughly documented. (6) Treatment should be given sparingly and oriented to the patient's pain and current functional status.
With regard to non-pharmacological treatments for acute low back pain, exercise therapy is no more effective than the continuation of normal activity (e14). Conversely, reduced activity and bed rest have been shown to have no effect or to lead to worsening of the pain and delayed resumption of daily activities (6) . Patients suffering from subacute (> 6 weeks) nonspecific low back pain who have psychosocial risk factors for chronification should be offered cognitive behavioral therapy (CBT) tailored to their individual risk profile (6) . It is best for CBT and progressive muscle relaxation to be introduced after the patient has been assessed in an interdisciplinary, multimodal treatment program. Preventive back exercises, techniques of manual medicine, and relaxation techniques can be used (grade B recommendation) if the first-line treatments mentioned above are ineffective.
The goal of pharmacotherapy for low back pain is to enable patients to continue or recommence their normal daily activities (Table 3) .
Paracetamol (acetaminophen) is considered an optional drug in view of its questionable efficacy and insufficiently recognized side effects (e15, e16, 23) . Rather, the traditional nonsteroidal anti-inflammatory drugs (t-NSAIDs) are recommended, with adherence to the recommended doses and monitoring for side effects (Table 3 ). In general, any analgesic drug for low back pain should be given at the lowest effective dose for the shortest possible time (6) . The parenteral administration of NSAIDs or COX-2 inhibitors is not recommended because of their adverse effects and unproven efficacy (6) . Metamizole is considered a reserve analgesic in the light of current data, particularly concerning side effects (6) . COX-2 inhibitors can be used to treat acute, non-specific back pain (as long as the relevant warnings are heeded) if the traditional NSAIDs are contraindicated or poorly tolerated (6) . Flupirtine has additional muscle-relaxing properties, but, in the light of current evidence, particularly concerning side effects, it should only be given to treat acute pain for a maximum of two weeks, with weekly checking of the liver function (e17). Insufficient evidence is available to judge other muscle relaxants, e.g., methocarbamol, for the systemic treatment of painful muscle tension (6) . If the recommended analgesic drugs (and NSAIDs in particular) are ineffective or poorly tolerated, patients with nonspecific low back pain can be given low-potency opioids such as tramadol or tilidine, with close clinical follow-up (6) . Invasive treatments and surgery are not recommended (6) .
Acute, specific low back pain
Patients with neurologic findings such as muscle weakness, impaired sensation in the lower limbs, and bladder or bowel disturbances should undergo a neurological examination including testing of sensation, muscle strength (on the 5-point MRC scale), intrinsic muscle reflexes, and nerve-stretching tests.
Electrophysiologic testing is indicated if the patient's pain is unclear or difficult to classify or if it is apparently of peripheral origin. Electromyography (EMG) is unnecessary if the clinical and radiological findings are entirely concordant.
An overview of the differential diagnosis and treatment of specific low back pain for patients who need immediate medical attention is given in eTable 3, and a comparable table for patients with non-urgent problems is given in eTable 4.
The vertebral bodies are generally overrated as a source of low back pain. Pain of extravertebral origin, arising from neighboring organs rather than from the bony spine or its associated muscles, discs, and ligaments (Box 3), is estimated to account for at least 2% of
Initial treatment
The overriding goal in the primary treatment of low back pain is symptomatic relief, i.e., acute reduction of the pain.
Acute, nonspecific low back pain
As only a few patients with low back pain have red flags, while far more have functional disturbances, physical examination plays an important role.
BOX 2
What to tell the patient after specific causes of low back pain have been ruled out* • Everyday activities should be continued or resumed as soon as possible • Bed rest should be avoided • The patient's low back pain is benign and reversible • The pain may recur, but the patient can have an influence on his/her symptoms and their consequences • Imaging studies are of little use in this situation, and therefore not indicated *modified from (e13) the cases of low back pain that are seen in primary care (10) and should therefore always be kept in mind (6) .
Imaging studies
These should only be ordered for strict indications because of their possible side effects and the danger of overdiagnosis leading to chronification. Imaging is necessary if any red flags are present (5) . The clinical suspicion of a fracture, infection, or radiculopathy is an indication for MRI in preference to CT, as MRI is more sensitive than CT for these conditions and, unlike CT, does not expose the patient to ionizing radiation (5) . This also holds for fractures whose precise locality, type, and age (osteoporotic fracture) are of clinical importance. Moreover, dynamic plain films obtained after acute traumatic changes have been ruled out permit assessment of the spine in motion. The choice of imaging study can also be influenced by local availability and cost (6) . No imaging is needed in the initial evaluation of acute low back pain if there are no features in the history or physical examination that suggest a specific cause (24) . If the pain acutely worsens, or persists and remains intractable for six weeks or more, an imaging study is indicated (6) .
All imaging studies should be read by a radiologist, and the ordering physician should discuss the findings with the patient. These findings should be rationally correlated with the findings of the history and physical examination.
Laboratory testing
No laboratory tests should be obtained except to evaluate specific disease entities that are suspected on the basis of the history and physical examination. Ancillary laboratory testing is needed if there is clinical evidence that the pain has a specific cause. Special aspects of a few important specific conditions will be discussed in what follows.
Lumbar disc herniation
The clinical recognition of neurologic deficits (if any are present) is the cornerstone of the diagnosis and treatment of lumbar disc herniation (Box 1).
In most cases of disc herniation, the pain abates spontaneously within six weeks. Further diagnostic studies are indicated if the pain persists or if neurologic deficits arise (eTable 3). The L5 and S1 nerve roots are the ones most commonly affected (in more than 80% of cases), owing to herniations of the L4/5 and L5/S1 intervertebral discs (25) .
Radicular pain with no more than mild weakness is generally treated in the same way as pain of non-radicular
Non-pharmacological treatment
With regard to non-pharmacological treatments for acute low back pain, exercise therapy is no more effective than the continuation of normal activity.
Pharmacotherapy
COX-2 inhibitors can be used to treat acute, non-specific back pain (as long as the relevant warnings are heeded) if the traditional NSAIDs are contraindicated or poorly tolerated. origin, mainly with anti-inflammatory drugs, but sometimes also with drugs specifically directed against neuropathic pain, such as tricyclic antidepressants; the evidence base is inconsistent (26, 27) . Patients should be mobilized as soon as possible with active physiotherapy, and they should return to work as soon as possible while being given adequate analgesic medication, generally NSAIDs, but sometimes also opioids over the short term. There is no evidence to support the use of oral steroid tapers (27) . If the pain persists despite treatment, and neurologic deficits arise, periradicular injections can relieve pain and promote physical activity (28, 30) . Epidural steroid injections bring short-to intermediate-term relief (e18). Transforaminal epidural techniques are superior to periradicular injections (29) .
If severe radicular symptoms persist despite appropriate, intensive conservative management for six weeks or more, with concordant clinical and radiological findings, surgery can be considered. Surgery is unequivocally indicated in cases of cauda equina syndrome with acute paraparesis and in cases of acute or progressive severe motor deficits due to nerve root compression (strength 3 or less on the MRC scale) (25) . The main manifestations of cauda equina syndrome are urinary retention and a sensory deficit of variable extent in the lower lumbar and sacral dermatomes ("saddle anaesthesia"), which may be accompanied by severe radicular pain and mild weakness of the legs.
There is no significant difference between the longterm outcomes of patients treated conservatively and surgically in terms of symptoms and disability (29) , but surgery brings more rapid recovery (e19, 30) .
Tumors
Spinal tumors usually manifest themselves initially with nonspecific pain, and later with general functional deficits (e20). An actual swelling is seen in only 16% of cases (e21). The vast majority of spinal tumors (96%) are metastases (e22). The remaining 4% consist of primary benign and malignant tumors and so-called "tumor-like lesions" (e22, 31) .
Any clinical suspicion of a spinal tumor should prompt further diagnostic studies (e23, e24). Plain films, although they are a part of the standard diagnostic work-up, only reveal osteolytic processes when at least 30-50% of the bone substance is lost (e25) . MRI is the current gold standard of diagnostic screening for spinal tumors (31) (eTable 3) . The diagnosis and treatment of patients with spinal tumors should be discussed in an interdisciplinary tumor board.
Infections
Bacterial infections of the axial skeleton can arise by continuity, by hematogenous spread from an extraspinal infection, or iatrogenically by contamination during an invasive procedure (e26). They typically cause nonspecific pain that persists when the patient is at rest (e.g., in bed at night).
The acute phase of discitis/spondylodiscitis has nonspecific manifestations and is thus easily misinterpreted. This entity is rare, with an incidence of only 0.4-2.4 cases per 100,000 persons per year. The radiologically visible changes arise late in its course, and the rate of false-negative cultures can be as high as 30% (32) . Nonspecific spondylodiscitis accounts for 2-7% of all cases of osteomyelitis and is the most common infectious entity; most cases of nonspecific spondylodiscitis are in the lumbar region (e27). This condition has two incidence peaks, one in early childhood and another between the ages of 50 and 60.
Plain films do not reveal destruction of the upper and lower vertebral body end plates until several weeks after the onset of spondylodiscitis.
MRI can be used to diagnose this entity with high sensitivity (96-100%) and specificity (92%); as it
Imaging studies
Imaging studies should only be ordered for strict indications because of their possible side effects and the danger of overdiagnosis leading to chronification. Imaging is necessary if any red flags are present.
Lumbar disc herniation
The clinical recognition of neurologic deficits (if any are present) is the cornerstone of the diagnosis and treatment of lumbar disc herniation.
BOX 3

Extraspinal causes of low back pain*
• abdominal and visceral processes, e.g., cholecystitis, pancreatitis, tumors • vascular processes, e.g., aortic aneurysm • gynecological/urological processes, e.g., urolithiasis, renal tumors, perirenal abscess, endometriosis, pelvic tumors • neurological diseases, e.g., polyneuropathy, herpes zoster • psychosomatic and psychiatric diseases *modified from (6) reveals soft-tissue processes, it can detect discitis as well as the early stages of spondylodiscitis (33) . CT is an alternative (e28). Scintigraphy can be used to search for the primary source of infection.
The most common pathogen is Staphylococcus aureus, accounting for 42-84% cases, followed by Gram-negative bacteria (4-30%) and streptococci/enterococci (5-30%) (33) . There is no single, uniform treatment concept for spondylodiscitis. Successful conservative treatment is based on antibiotic administration and bed rest until the inflammatory parameters return to the normal range, followed by external immobilization in a corset. High-level evidence for this form of treatment is lacking (33) .
Surgical treatment involves thorough debridement of the infected area, internal immobilization of the infected spinal segments with dorsal and, sometimes, ventral instrumentation, and prolonged antibiotic administration (34, 35) .
Fractures
The spine can be injured in a traumatic event involving massive force, with resulting low back pain, but spinal fractures often arise spontaneously or after relatively mild trauma, generally because of osteoporosis. The incidence of radiologically detectable fractures in 55to 79-year-old women is 1% per year; in men in the same age group, it is 0.6% per year (36) . A woman over age 50 has a more than 60% chance of sustaining an osteoporotic fracture (e29).
Plain films still play an important role in diagnosis and follow-up observation. MRI (STIR sequence) is the method of choice for assessing the age of a fracture, which is an important consideration in the indications for treatment (eTable 3).
According to the current guidelines, osteoporotic fractures of the spine that do not cause spinal instability or neurologic deficits should be treated conservatively at first (36) . Progressive vertebral body collapse and/or severe, intractable pain can be an indication for surgical measures such as cement augmentation (vertebroplasty, kyphoplasty) and spinal realignment with intravertebral weight-bearing prosthetic material (e30). 10-30% of patients with a first osteoporotic fracture will have a second one (37); thus, proper management involves not only the treatment of the fracture, but also the appropriate diagnosis and treatment of osteoporosis (a systemic disease) in line with current guidelines, to prevent further fractures.
An algorithm for the management of acute low back pain
Red flags (Figure 1 ) should immediately prompt further diagnostic investigation and, if necessary, transfer to a center where spinal surgery can be performed. Patients with back pain of any specific type should be referred to the appropriate specialist(s). If a meticulously taken history and a thorough physical examination do not reveal any red flags or clear-cut patho-anatomical findings, there is no immediate indication for further ancillary diagnostic testing or invasive treatment (Figure 2 ). If there are psychosocial risk factors for the chronification of low back pain (yellow flags), and especially if the pain is persistent, the patient should undergo interdisciplinary assessment four to six weeks after the onset of pain to evaluate the indication for a multimodal treatment program; this is because payors in Germany now generally request a
Spinal tumors
Spinal tumors usually manifest themselves initially with nonspecific pain, and later with general functional deficits.
Infections
Bacterial infections of the axial skeleton can arise by continuity, hematogenous spread from an extraspinal infection, or iatrogenic contamination. They typically cause nonspecific pain when the patient is at rest (e.g., in bed at night). statement from the treating physician as soon as the patient has been unable to work for four weeks because of back pain. The remaining patients without any red or yellow flags should be extensively informed and counselled, in line with current guidelines, and should be given analgesic medication as needed ( Figure 2) . If low back pain persists despite six weeks of treatment in conformity with the guidelines, the patient should undergo comprehensive interdisciplinary evaluation (38) to determine whether treatment should be continued in the current setting or whether the patient should instead undergo an interdisciplinary multimodal pain treatment program, on either an inpatient or an outpatient basis, followed by an end assessment and an official statement on the prognosis, further treatment, and ability to work (39) .
Fractures
Spinal fractures often arise spontaneously or after relatively mild trauma, generally because of osteoporosis.
The treatment of acute low back pain
Red flags should immediately prompt further diagnostic investigation and, if necessary, transfer to a center where spinal surgery can be performed. 
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